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The METEOR Software Package for Analysis of Meteorclogical Data
I. INTRODUCTION

A requirement for many experiments in environmental chemistry is that
extensive meteorological records must be maintained. Frequently, simultaneous
collection of several different types of data (temperature, humidity, pres-
sure, etc.) at reqular intervals (minutes to hours) over rather long,
continuous periods (days or weeks) is necessary. The use of modern data
loggers greatly simplifies the acquisition of data and often provides for
storage and transfer on computer-readable media, such as magnetic tape. Off-
line analysis involves conversion of the data to physically meaningful units,
calculation of derived quantities, and presentation of the results in formats
which are convenient for the user's purposes. Due to the large quantltles of
data, these steps are usually very time-consuming.

METEOR is a FORTRAN program package which is designed to alleviate many
of these difficulties. It provides software for inputting data files, searcn-
ing out relevant portions of these files, processing data, and generating
printed or plotted output.

The goal has been to maximize the generality of the program while mini-
mizing the demands on the operator. The former goal has been addressed by the
liberal use of subroutines and functions, making program expansion and alter-
ation a simple matter of inserting new or updated program modules.

The requirement that the package be easy to use has led to the develop-
ment of an auxiliary, interactive program which aids in the creation of a
command file. This file then controls the execution of the primary
programs. Currently, there are three primary programs (METSRT, METCLC, and
METPLT) and one auxiliary program (METINP) in the METEOR package. The rela-~
tionship among these programs is illustrated in Figure 1.

METSRT (METeorological data SoRTing program) is responsible for input of
raw data, selection of the data requlred for analysis, preliminary processing
(conversion of units and scaling, where necessary), testing of the data for
various error conditions, listing of selected data in tabular form, and cre-
ation of a file containing all processed data.

METCLC (Egggorological data gg&gplation program) then operates on the
output of METSRT, calculating the values of various derived quantities (total
moisture loading, for example). These results are added to the file of pro-
cessed data and may also be printed out, again in tabular form.

METPLT (METeorological data PLoTting program), the last of the primary
programs, reads the data file produced by the previous programs and generates
selected graphs.

It is possible to string these programs together and to process the data,
from raw data input to finished plots, in one continuous batch job. However,
the sequential design of the programs, with intermediate outputs, was intended
to allow easy operator intervention in the event that bad data is encountered.

Manuscript submitted October 30, 1981.




Figure 1
Relationship of the programs and files
in the METEOR program package.
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The auxiliary program, METINP, (METeorological parameter INPut program),
is interactive and is intended to be run from a CRT terminal. This program
requests information reqardiang the specific functions in METSRT, ME™CLC, and
METPLT that are desired and constructs a control file in the appropriate
format. This file is displayed line-by-line for operator verification before
being written onto the disk. Errors may easily be corrected at this point.

The METEOR package is currently running on a DEC System-10 and the I/0
file names discussed below are those used by the TOPS-10 operating system. No
major problems are expected to arise if the programs are transfered to another
system (in fact, earlier versions of METSRT and METPLT were run on a Texas
Instruments Advanced Scientific Computer). However, METINP, because it is
interactive, will not operate properly in a batch processing environment.

II. METSRT OPERATION

For reference during the following discussion, a complete listing of the
METSRT source code is given in Appendix A.

METSRT may be logically divided into input, processing, and output sec-
tions. The input, and, to some extent, the processing sections of the program
must be tailored to the characteristics of the data source. METSRT was origi-
nally written specifically for use with a Fluke Model 2240B data logger,
having the analog data output format shown in Table 1. A digital data format
(Table 1) is also available, but is not currently in use. Other formats would
necessitate changes to the search and input routines and possibly to the error
flagging subroutine. We are presently making alterations in order that the
output of a newly constructed data acquisition system may be processed by
METSRT.

Four 1/0 files (and four different logical devices) are involved:
1) FOR@P4.DAT (device 4) contains parameters which control
program execution.
2) FORPS.DAT (device 5) is the input data file.
3) FOR@6.DAT (device 6) is a tabular output for printinge.
4) FOR@7.DAT (device 7) contains all data and parameters
and is intended to be read by subsequent programs.

Initially, METSRT reads the control file (FOR@4.DAT), which specifies the
dates of interest, the specific types of data which are to be processed, the
desired format for printed output, and the units for both input and ocutput.
Print switches may be set to select channels for which data is to be listed.
In addition, other parameters, pertaining to METCLC and METPLT, may be pres-
ent. These parameters, if present, are ignored by METSRT. An example of the
control file is given in Table 2.

A subroutine (SEARCH) is then called which searches the data file
(FOR@S.DAT) for the first data set and reads the time and date header. Any
data set which is dated prior to the specified initial time is rejected and
the search continues until one of the following conditions is met:

1) An End of File (EOF) is read.
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Table 2
Parameter file (FOR@4.DAT) required to process
a portion of the data from the 1981 cruise of the
USNS HAYES.

SO&T PA]Aa ol ERS

HAYES 13081 CRUISE
1

1961 <49 Ini

1981 29y Iiv

40 OUT.IZ82 C DEG C  2X,F6.1,24&, 1
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2) A data set within the specified time window is found.
3) A data set having a date later than the last desired
time is encountered.

Cases 1) and 3) cause appropriate error messages to be printed and execu-
tion terminates. It is assumed that time monotonically increases between data
sets.

In case 2), a data input routine (DATAIN) is executed. Data is read from
the current data set and compared with the list of desired inputs, as speci-
fied by the original parameter file. 1If a match is found, the data is stored
in an array for further processing; otherwise it is ignored. 1In either case,
data input continues until the required data values have been read. 1In the
event that the start of a new data set is encountered before input of the
current set is completed, an abnormal exit from the data input routine occurs
and an error message is printed.

Regardless of the mode of exit, the search routine is invoked to locate
the next data set. As before, the header is tested and any of the three
conditions previously mentioned will halt the search. This time, however,
case 2) causes a repeat of the data input routine and case 3) causes a data
processing function (MANIP) to be performed. Case 1) still produces an error
message, but continues to the data processing step rather than terminating the
program.

The data input routine also tests for the following error conditions to
the FLAG subroutine:

1) Broken sensor.

2) Overloaded sensor.

3) value exceeds upper set point.

4) value below lower set point.

All of these conditions are indicated by flags which are present in the
original data from the data logger. These tests may be tailored to other data
formats by alteration of the FLAG subroutine.

The data storage array is organized as a two dimensional matrix in which
the columns contain data obtained from a particular channel and the rows
correspond to different data sets (different times). MANIP accesses a Cross
reference matrix and determines, for each input channel, the column in which
the corresponding data has been stored. This column is processed in accor-
dance with the function specified for that input channel and the resulting
value iz replaced in the data array.

In general, the function will be different for each type of sensor and
Wwill have been chosen so as to convert the data logger output (typically a
voltage) into a value of an appropriate physical quantity having the desired
units. During this processing step the units of the input guantity (as read
from the original data file) are compared with the expected input units (as
given in the parameter file) and an error message is produced if a disagree-
ment is found. This message identifies the date, time, and channel for which
the error was detected and also shows what units were actually found.




After processing of the data is completed, the output subroutine (DATOUT)
is called.

Table 3 shows a sample of the input data obtained from the data logger.
The resulting error and warning messages appear in an output file,
FOR@G6.DAT. To this, DATOUT appends a tabular listing of data from the select-
ed input channels, as shown in Table 4. The year, Julian date, and time are
listed in the left columns. For each se.ected channel, a column of data will
be produced having a heading which gives the channel number, sensor identifi-
cation, and the units. A uwaximum of twelve channels of data may appear across
a line printer page. If more channels were requested, additional pages will
be produced, each having the date and time on the left and appropriate column
headings across the top.

In addition to selection of the data to be listed, the user formats the
output by providing FORTRAN-type format specifications, as desired. A total
of ten characters (including spaces) should be specified for each channel
which is to be printed.

An additional file, FOR@7.DAT, is also produced by METSRT. This file,
“hich contains all of the processed data plus reference information needed by
subsequent programs, was intended to be read only by computer. The format was
chosen for compactness and few concessions to human readability have been
made. A sample of this output is shown in Table 5.

III. METCLC OPERATION

METCLC, listed in Appendix B, reads both the control file and file
FOR@7.DAT and calculates values for the following derived quantities:
1) Absolute wind velocity, expressed as a wind speed
(knots) and bearing (degrees referenced to true north).
2) Atmospheric moisture loading, with water vapor
concentration in ppm by volume.

For each calculation, the name and channel number for each input and
output channel is printed in the summary listing, FOR@6.DAT (Table 6). Any
problems encountered (missing channels, for example) are also listed at this
point.

The calculated values are then stored in the data array and are available
for output in both a tabular form and as an array intended to be read by
subsequent programs. As before, any combination of these results may be
selected for listing by setting the appropriate print switches. The print
formats are specified by the user. An example of this listing is given in
Table 7.

To provide versatility and make future alterations simple, calculations
have been implemented in separate subroutines.

In general, there may be several alternate sources of data for these
subroutines (multiple anemometers or hygrometers may have been used, for




An excerpt from the USNS HAYFR3S cruise data file (FORP5.DAT).
The entire file is over 200 pages long when printed.
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Table 4
The METSRT listing (FOR@6.DAT) generated using the
parameters and data file shown in Tables 2 and 3.
No warnings or error messages were produced by this data,
so that portion of the output is not shown.
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Table 5
Part of the METSRT data dump (FOR@7.DAT) produced from the
inputs shown above.
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1981

Q
100
200
300
400
300
€00
700
800
300

1000
1100
1200
1300
*a00
1500
1600
1700
1900
1900
2000
2100
2200
2200

2 PURCTION CALLS

Table 7
The METCLC data listing (FOR@6.DAT) from the same
run which produced Table 6.

1a14s 1931 CPOUISE
DATA POR THE 24dl)J) THU 29, 1981 THROUGH THU 29, 1981

CHAXNEL CRANNTL CHANMEL CHANNEL wdAd N EL CHANNEL

21 20 100 101 142 900

avL.HUM. PRESSUPE ABS.SPD. ABS.DI2. 420 VAP. MCIS 2

PZe C2NT TORR KNCTS LEGAEZS 2247 13314
?7. 758,48 10. 8u. 15425« 16205
77. 7598, 9 13. 31, 13522, 162405
78. 759.0 9. 80. 13442,  16E#05
17. 7€9.2 8. 82. 14721, . 16B+05
78, 759, 4 8. 82. 14444, 15E05
78. 759.4 6a 88. 14209, . 158405
79, 759.5 1. 93, 133a7. 152405
30. 759.5 6a 94. 1324de 10205
20. 759.5 8. 91. 13231, 148205
80. 759.9 11. 89. 13332. - M4E20S
8. 760.0 9. 95, 13540, <Tu2 405 !
T4, 760.4 15. 81. 19332.  <15240S5
74, 760.18 3. 50. 14334. «15%405
73. 760.4 16. 62, 13339,  .15E%0S
73 761.2 19. 70. 14920. 152405
73. 761.9 14, 54, 13340,  <15SE+05
73 761.5 12. 46 133)2. 152405
73 761.7 12. SU. 13704. < 1UE0S |
72. 761.7 15. 49, 13227, 142405 «
72. 76,7 1", a1, 13336. »152405
69. 761.8 10. 26. 12142, < 14R#05 i
69. 761.3 8. 1. 12167, 142405
68, 7h1.8 8. 389, 12514, < 14E+0S
1. To1.u 9. 340, 1237d. 132405




example). Accordingly, there is provision for user specification of the
inputs for each calculation. 1In fact, the same calculations can be repeated
with different combinations of inputs and the results may be listed for com-
parison.

Absolute wind velocity is calculated by vector addition of the absolute
velocity of the sensor platform (ship) and the relative wind velocity. Sub-
routine input and output vectors are in the form of a magnitude and a
direction. It is assumed that the direction is in degrees from true north
(for absolute bearings) or degrees clockwise from the platform velocity vector
(for relative bearings) and that speeds are in knots.

Atmospheric moisture loading is calculated! as

ps('ra)
[H201 = H - 10
a

4

where [H,0] = water vapor concentration (ppmv); H = relative humidity (%);
P, = ambient pressure (mb); Ps(Ta) = saturation vapor pressure (mb) at ambient
temperature T, (°K).

The saturation vapor pressure may be obtained from
4 n
Ps(Ta) = PO exp[n_ Cnt]

where Py = 1013.25 mb; C, = 13.3185; C, = -1.9760; C4 = -0.6445; C, = -0.1299
and t is given by

Wwith T, = ambient temperature (°K).

Inputs to this subroutine are assumed to be in units of torr, per cent,
and degrees centigrade for pressure, relative humidity, and temperature,
respectively. The ocutput is the water vapor concentration in parts per
million by volume.

IVv. METPLT OPERATION
METPLT is designed to plot selected subsets of the data contained in
FORP7.DAT according to the specifinations given in file FOR@4.DAT. The actual

details of generating a plot file are handled by DISSPLA, a package of
FORTRAN-callable subroutines provided by Integrated Software Systems

1« GeJ. McRae, APCA Journal, 30(4), 394 (1980).




Corporation. Basically, METPLT provides the data needed by the DISSPLA rou-
tines. Appendix C contains the source code for METPLT, but not for any of the
DISSPLA software.

The parameter file (Table 2) is searched until the "FLOT PARAMETERS"
section is found and the title to be used on the output is read. Next, the
data file is read and stored in memory. In the event that either of these
files is missing, or if the "PLOT" section is not found, an error message will
be written into FOR@6.DAT.

The next parameters to be read specify the number of days for which the
data is to be plotted on a single page (NDAYS) and the dates of the first and
last data which is to be plotted. The set of all plotted data for an NDAYS-
long period is referred to as a plot set, Typically, the length of a plot set
is seven days so that the plotted output will have one week of data per
page. There may be more than NDAYS between the initial and final dates speci-
fied, in which case multiple plot sets will be produced. Each plot set may
itself involve several pages of output since there are normally only three

graphs per page.

We must still specify which data is to be plotted and how it is to be
plotted. This is done by providing sets of parameters which define each axis
for each plot. Subroutines XAXIN and YAXIN are responsible for reading and
storing these parameters.

METPLT first searches for the set of parameters which describes the
desired X-axis, then it looks for corresponding Y-axis parameters. For each
X-axis, there may be multiple Y-axis specifications so that several different
graphs may easily be generated using the same independent variable.

Each axis specification consists of the following nine parameters:

1) Channel number.

2) Channel name.

3) Channel units.

4) Minimum value.

5) Incremental value.

6) Maximum value.

7) Threshold value.

8) Hysteresis parameter.

9) Axis type.

The channel number tells the program which data is to be plotted on the
specified axis. In the event that a channel number of zero is given, METPLT
will use time, rather than data values, for that axis. 1In this case, the axis
will be labeled with the Julian dates and each day will be labeled at 1200 and
2400 hours. For purposes of axis specification, however, times must be given
in minutes.

The channel name and units are used to produce a label for the axis.
Minimum, maximum, and incremental values are needed in order to calculate the
scale.
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Threshold and hysteresis parameters provide increased control over the
plotted output. If the value of any coordinate is below the corresponding
threshold, plotting of the point will be suppressed. The hysteresis param-
eters allow points to be suppressed if they lie within a specified "dead band"
surrounding the most recently plotted point. Note that, when hysteresis is
set to zero on any axis, the dead band area will also be zero and all points
will be plotted. 1In order to prevent this, any of the hysteresis parameters
may be set to a negative value and will then be ignored.

The axis type parameter allows the user to select either a linear Y-axis
(type = LIN) or a "vector" Y-axis. Only linear X-axes are permitted in the
current version of METPLT.

In the vector mode, the two channels representing R~ and &-components are
designated by type = RVEC and type = AVEC, respectively. They are used to
generate a vector quantity which is then displayed as an arrow of the appro-
priate length and direction. The tip of the arrowhead is located at the
corresponding X-coordinate for the quantity. For reference, a short arrow
(not of unit length) is drawn in the zero degree direction and a scale is
provided on the Y-axis. This scale, the axis name, and the axis units are
those given for the vector magnitude channel.

The vector plotting mode is useful for representing quantities such as
wind direction.

Provisions have been incorporated into METPLT allowing easy program
enhancement to include other types of axes, such as logarithmic scales or
vectors expressed as X- and Y-components.

Error messages are written into FORP6.DAT by XAXIN or YAXIN if the axis
type is not defined or (in the case of vector axes) if the two types are not
self consistent.

At this point, subroutine SETUP determines the first and last dates for
the next plot set and searches the ITIME array to locate the corresponding
rows in the data matrix. If they cannot be found, an error message is pro-
duced and the plot set is skipped. Assuming that the rows have been located,
LOAD copies the appropriate data into the X- and Y-arrays needed by the actual
curve drawing routines. During the loading process, each datum is checked to
see if it is invalid (the character string "----"), if it is below the thres-
hold, or if the hysteresis criterion is not met. 1In the first two cases, the
point will not be plotted and a message to this effect will appear in the plot
summary listing (FOR@6.DAT). In the third case, a message will also be
printed but the point will not be suppressed unless the hysteresis test fails
for all axes.

After all of the graphs on a page have been completed, a page caption is
added. The title (specified in the parameter file) is written across the top
and a subtitle, giving the initial and final dates of the plot set, appears
below the title.




|

Examples of the printed and plotted output from METPLT are shown in
Tables 8 and 9.

Additional pages are produced as necessary in order to graph all of the
data in the first plot set., Further plot sets will then be created, each one
starting on the Julian date following the end of the previous set.

Ve METINP OPERATION

METINP is the only interactive program in the METEOR package. A listing
of the FORTRAN program is given in Appendix D and an example of a terminal
session is shown in Appendix E. METINP uses this dialog to construct the
parameter file, FOR@4.DAT.

Initially, the user is asked to identify the program for which a param-
eter file is desired. The answer to this question is used to select one of
three major subroutines: SORTIN, CALCIN, or PLOTIN. These produce control
files for METSRT, METCLC, and METPLT, respectively.

In the case of CALCIN, additional information is requested regarding the
specific type of calculation required. Depending on the response, either
WNDIN (for wind wvelocity calculations) or MSTIN (for moisture loading) will be
called.

In order to minimize the size of the program, each parameter input rou-
tine utilizes the same set of I/O subroutines. Subroutine TTYIN writes a
prompter message, reads the user's response, and stores the answer. Subrou-
tine FILE then formats the answer as required for that specific line of the
parameter file.

To make these two subroutines more generally useful, they operate on data
arrays. For example, the prompter character string and the corresponding
input format are contained in arrays PROMPT and FORMIN, respectively, while
the user response is stored in INARAY. Each call to TTYIN or to FILE may
therefore be tailored to specific requirements by passing the appropriate
arrays as arguments in the subroutine call.

After all required information has been obtained, subroutine CHECK writes
the parameters to the TTY in exactly the form in which they will appear in the
final parameter file. If any changes are required, subroutine EDIT allows the
old line to be overwritten by a new one, which is then displayed. When all
lines have been verified, the complete set is written onto the disk. If
further input is desired, the entire process may be rerzated, either for
another function for the same program or for a different program.

Since METSRT is the first program to be used in data analysis, it is
assumed that a new file FOR@P4.DAT will be required whenever a METSRT control
file is to be created. For this reason, SORTIN causes a new disk file to be
opened and any existing file with the name FOR@4.DAT will be destroyed. Some
care must therefore be exercised to ensure that the current file (if one
exists) has been saved under another name before a new file is opened.
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Table 8

The METPLT summary (FOR@6.DAT) resulting from the

parameters and data of Tables 2 and 5,
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Table 9
METCIC plotted output corresponding to the above summary.
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METCLC and METPLT both require the output of METSRT, so it is assumed,
whenever control files for these programs are requested, that the METSRT
parameter file already exists. Accordingly, the new parameters are appended
to the existing file, which is not lost.

VI. SUMMARY

METEOR provides a coordinated set of programs which can read data tapes,
locate specified types of data, test for a wide range of error conditions,
calculate values of several derived quantities, and produce both printed and
plotted output, all under control of a user-created command file. Existing
functions may be selected as required and new functions may be added with
relative ease.

Although originally intended to process meteorological data, this soft-
ware package should be equally applicable to any situation in which large
quantities of diverse data are acquired over long time periods.

In many cases,data may be collected on several different data logger
systems simultaneously. For these situations, it would be advantageous to be
able to merge the resulting data files. Other possible improvements include
addition of statistical, curve smoothing, and cross-correlation capabilities
in METCIC and provision for better control over plot size and shape in METPLT.

We expect that other users may find it necesssary to revise the METEOCR
programs to meet their special requirements. It is hoped that the documenta-
tion provided will prove to be sufficient for this purpose. Any comments or
suggestions regarding alterations to or extension of these programs will be
welcomed.




Appendix A
Listing of Program METSRT
{Version 2.0)

FRECEDING PAGE BLANKeiOT FILiMED
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